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848 Introduction and Characterisation of Patients
On average, patients with single-segment disease,
such as occlusion of the iliac vessels, and good collat-
eral development will have mild claudication. With
more extensive disease, claudication symptoms
become more severe. Symptoms cannot be entirely
explained by the severity of reduction in blood pres-
sure. For example, the ABPI in patients with claudica-
tion is not well correlated with their exercise perform-
ance on a treadmill, or with the severity of symptoms
in the community setting.v'>
B 1.1.3
Metabolic and Neurological Abnormalities
Peripheral arterial disease is not simply a haemody-
namic disorder. Additional factors are involved in
the pathogenesis of this disease. Key factors include
de conditioning, because these patients are very
inactive. In addition, several studies have shown
skeletal muscle injury in patients with chronic arte-
rial occlusive disease. This injury has been charac-
terised as a distal axonal denervation leading to loss
of muscle fibres and mild atrophy of the affected
muscle.s-' Muscle strength is reduced in these
patients, which leads to a compromise of muscle
function and exercise performance. In addition,
oxidative metabolism is severely impaired in PAD
patients, and these changes cannot be accounted for
simply by the reduction in blood flow.
Several studies have observed that patients with
peripheral arterial disease accumulate intermedi-
ates of oxidation such as acylcarnitines." These com-
pounds are formed from acyl-CoA intermediates in
the oxidation of fatty acids, proteins, and carbohy-
drates. This accumulation has functional signifi-
cance in that patients with the greatest degree of
metabolic disruption and accumulation of acylcar-
nitines have the most severely impaired exercise
performance. Further evidence for altered metabo-
lism comes from magnetic resonance spectroscopy.
Several studies have indicated that patients with
PAD have not only impaired resynthesis of phos-
phocreatinine, but abnormally high levels of adeno-
sine diphosphate (ADP).9.1o These findings are con-
sistent with a metabolic myopathy, which occurs in
chronic forms of the disease.
In summary, the pathogenesis of PAD is initiated
by atherosclerotic occlusions of the major conduit
vessels in the lower extremity. However, over time
the disease affects the skeletal muscle neurological
and metabolic function, leading to further impair-
ments in muscle performance and patient function-
al status.
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8 2 EVALUATION
82.1
Clinical Evaluation of Intermittent Claudication
B 2.1.1
History
Chronic arterial insufficiency of the lower extremity
causes two very characteristic types of pain: intermit-
tent claudication and ischaemic rest pain.
"Claudication," although derived from the Latin word
for "limp," has by usage come to mean a pain or dis-
comfort associated with exercise. The level and extent
of the arterial occlusive disease determines the loca-
tion of the pain and the amount of exercise needed to
produce it. Lesions in the femoral, popliteal, or tibial
arteries produce a cramping pain in the calf muscles.
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More proximal (ie, aortoiliac) occlusive lesions usual-
ly produce an aching discomfort, often associated
with a sensation of weakness in the hip, buttocks, or
thigh.
These are the usual findings, but, just as occlusive
lesions can occur singly or in combination, so can the
location of the discomfort experienced with claudica-
tion. The more common form, calf claudication, can
occur even with isolated proximal occlusive disease.
Foot claudication is a severe pain deep in the foot,
which usually is accompanied by numbness. It may be
associated with severe infrapopliteal occlusive dis-
ease, but it is extremely rare with atherosclerosis, as
compared with thromboangiitis obliterans or
Buerger's disease. In general it is important to docu-
ment:
• The location of the pain or discomfort
• The duration of the symptom
• Whether it is worsening or improving with time
and whether conservative therapy has had an
effect
• The distance the patient can now walk before (a)
experiencing the discomfort and (b) being forced to
stop
• The elapsed time after exercise is stopped before
the pain is relieved
• The type of rest or position of patient (standing at
rest, sitting, lying) necessary to relieve the pain
• Whether the pain returns after the same time and
distance if exercise is then resumed
This information is helpful, in combination with
physical examination, in localising the lesion(s), aids
in differential diagnosis, and serves as a baseline for
assessing future change.'
Recommendation 10: History of intermittent clau-
dication
The history of claudication due to chronic periph-
eral arterial occlusive disease is characteristic and
reproducible enough that diagnosis usually can be
made on the basis of interrogation alone in the
large majority of patients.
Riskfactors
(See also A 2.2.4, P 59.) In addition to eliciting specific
lower-extremity complaints, it is important to query
the presence of risk factors known to be associated
with peripheral and systemic atherosclerosis. This not
only sets the stage for important systemic therapy in
the form of risk factor modification, but it may refine
one's index of suspicion. That is, PAD on the basis of
atherosclerosis is rare in the absence of risk factors and
much more likely in the presence of one or more major
risk factors. These risk factors are previously discussed
in detail in the epidemiology section. They consist
essentially of tobacco abuse, diabetes, lrfperiension, lzyper-
lipidaetnia, and lzypercoaglllable states, the latter two
being primarily reflected in a positive family history.
Age also may be considered a risk factor, in that
there is an increased prevalence with age, and most
patients presenting with symptomatic PAD are older
than 50 years, with most being older than 60 years.
Also there may still be significant gender differences in
some aspects of PAD. However, neither age, gender,
nor family history as risk factors are modifiable and
thus make little practical difference in the initial evalu-
ation. The duration and severity of tobacco abuse
should be documented. Tobacco not only plays a role
as risk factor for atherosclerosis but also influences the
severity of syrnptoms.s For patients with diabetes, the
age of onset and duration of diabetes should be noted,
as well as the means and success of its control.
Similarly, the duration and severity of hypertension,
the pharmacotherapy used to control it, and its success
should be documented.
Patients with hypercholesterolaemia or hyper-
triglyceridaemia often have a positive history of heart
attack, stroke, and arterial reconstruction or amputa-
tions, in their family if not in themselves. Those with
hypercoagulable states often will have had previous
episodes of vascular occlusive events themselves, or a
positive family history of the same. With hereditary
hypercoagulable states, venous thromboembolism is
more common than arterial or graft thromboses, so this
should be explored.
Finally, there is potential therapeutic importance to
uncovering underlying conditions that may aggravate
though not cause claudication, for example, anaemia,
polycythaemia, cardiac failure or arrhythmia, and
chronic pulmonary disease with hypoxaemia. Also, it
should be remembered that atherosclerosis is often
present at several arterial sites in the same patient, and
PAD is often accompanied by coronary artery disease
or carotid artery disease or vice versa.' A full history,
exploring not only the chief complaint but pertinent
medical and family history, and a review of systems is
extremely valuable.
82.1.2
Differential Diagnosis
Intermittent claudication must be differentiated from
other causes of pain, discomfort, numbness, or weak-
ness associated with exercise. The relationship of the
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pain to the same degree of exercise and its prompt
relief by standing is reproducible and repeatable,
prompting the term "intermittent" claudication and
making differential diagnosis relatively easy.' This is
seen in Table 10, where IC is contrasted with other
causes of pain or disability associated with exercise.
Unfortunately, sometimes there is overlap in the pres-
entation of these clinical entities. Calf claudication is
most commonly confused with pain from venous dis-
ease, nerve root compression (from a herniated disc or
osteophytic encroachment), or spinal cord stenosis.
Hip, thigh, or buttock claudication is most commonly
confused with spinal canal narrowing secondary to
osteroarthritis with secondary cord compression and
with osteoarthritis of the hip. These and other condi-
tions involved in differential diagnosis are discussed
individually.
VCIlOIIS claudication
This may occur after iliofemoral venous thrombosis,
when recanalisation and collateral development are
poor. Exercising muscles, as in walking, significantly
increases arterial inflow and, in tum, venous outflow.
As a result, venous pressure becomes greatly elevated
and the patient experiences a tight, almost "burst-
ing"discomfort in the limb, usually worse proximally
in the thigh. It can be confused with hip-thigh distri-
bution of claudication. The subsidence of pain when
exercise stops is slow but speeded somewhat by leg
elevation. In most cases, venous claudication is
accompanied by venous oedema.
Chronic compartment sylldrome
Athletes who run and have developed large calf mus-
cles can develop a chronic compartment syndrome.
This is secondary to relatively impaired venous out-
flow from a compartment made tight by muscular
hypertrophy. They too develop a tight, almost burst-
ing pain that also subsides slowly and is aided by ele-
vation, but the pain is in the calf. Their young age and
the greater exercise required to bring on the pain con-
trast sharply with intermittent calf claudication. This
is also not to be confused with popliteal entrapment,
which is unrelated to abnormal muscle insertions or
other congenital abnormalities, and which also causes
bursting pain in athletes."
Peripheral ueroe pain
The pain caused by peripheral nerve dysfunction is
most commonly attributable to nerve root compres-
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sion by a herniated disc or osteophytic encroachment
and ordinarily will follow the distribution of a der-
matome. This most common form may be confused
with calf claudication. This typically begins almost
immediately on walking. Although it may be felt in
the lower leg or calf, there is usually a sensation that
it is running down the back of the leg, rather than
being within the calf muscles. It is not quickly
relieved by rest and may be present at rest and mere-
ly aggravated by exercise. In the example given,
some relief may be obtained by lying down and
adjusting the position of the back. A history of back
problems is helpful. Such pain is also seen from time
to time in patients with peripheral nerve dysfunction
caused by diabetes.
Spinal cord compression from narroioing secondanj to
osteoarthritis of the lumbar spine
In addition to the example given, there is another
quite different presentation of nerve compression.
Patients with osteoarthritis of the lumbar spine may
develop osteophytic narrowing of the neurospinal
canal to a degree that, when they assume the upright
position with its associated lumbar lordosis, com-
pression of lumbosacral nerve elements occurs. After
a short time, this causes weakness and discomfort in
the hips, thighs, or buttocks, and even a sensation of
numbness and paresthesias. But, although the
patient may associate this with walking, standing
upright for the same length of time will also produce
the symptoms. Furthermore, relief cannot be
obtained by stopping, unless the lumbar spine is
flexed by stooping forward and leaning on some-
thing or sitting down. The above two examples of
"neurogenic claudication" can be confused with
either calf or buttocks-hip-thigh claudication, respec-
tively, and therefore are separated in Table 10.
Osteoarthritis of the hip
Intermittent claudicaiton involving the more proximal
muscles can be confused not only with venous claudi-
cation and osteophytic narrowing of the neurospinal
canal (both already described) but also with
osteoarthritis of the hip(s). The location of the discom-
fort in the latter two conditions is similar, and both
occur in older patients who may also have pulse
deficits, so the history is critical. In patients with
osteoarthritis of the hip, the pain is often worse when
beginning the movement and is produced by a degree
of exercise that varies from day to day, and it does not
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cease promptly on stopping and standing, but only
slowly after sitting, lying down, or leaning, on a cane
or against a wall. It is not infrequently present at rest.
and it is commonly affected by both levels of activity
and weather change.
Other nonarieriai causes of claudication
Painful calf muscle spasms, because of location, are
occasionally thought to be a symptom of PAD, though
they are not mistaken for claudication. Similarly, com-
plaints of "cold feet" are nonspecific and more often
than not indicate an abnormal degree of vasospasm
rather than occult PAD. Foot claudication occurring
on an ischemic basis is extremely rare. It has a greater
relative frequency in thromboangiitis obliterans than
Table 10; Differential diagnosis of intermittent c1audicalion
in arteriosclerosis obliterans because of the typically
more distal distribution of the arterial lesions in the
former condition.
Other nrterinl causes of illtermiuent claudication
Finally, under differential diagnosis, one needs to con-
sider patients with true vascular claudication attributa-
ble to causes other than the focus of this document,
peripheral atherosclerosis. Clearly, any other cause of
occlusive lesion in the arteries supplying the lower
extremities may produce this symptom complex, and
for completeness, a list of traumatic, congenital, neo-
plastic, degenerative, and inflammatory arteriopathies-
is offered in Table 11, but for practical considerations,
only a few qualifying statements are made here.
Location of Characteristic Onset relative Effect of Effect of Other
Condition pain or discomfort discomfort to exercise rest body posit ion characteristics
111 tcnnittcnt calfmuscles cramping paill aftersallie degree quickly relicced 1I0lle reproducible
claudication (calf) of exercise
Chronic comp artment calf mu scles tight, bursting after much sub sides very relief speeded typ ically heavy
syndro me pain exercise slowly by eleva tion muscled athletes
(eg, jogging)
Venous claudication entire leg, tight, after walking subsides slowly relief speeded by history of
but usually bursting pain eleva tion iliofemoral
worse in thigh DVT,signs of
and groin venous conges-
tion, oedema
Nerve root radi ates down sharp lancinating soon, if not not quickly relief may be history of
compression leg, usually pain imm ediately relieved (also aid ed by back problems
(eg, herniated disc) post eriorly after onset often present adju sting
at rest) back position
Symptomatic behind knee, swelling, soreness, with exercise present at rest none not
Bakers cyst down calf tenderness intermittent
lntermlttcnt hip,thig/I, aching aftersallie quickly none reproducible
claudication (hip, buttocks discomfort, degree of relieccd
thig// buttock) uxakncss exercise
Hip arthritis hip, thigh , aching after variabl e not quickly more variable, may
buttocks discomfort degree of relieved (and comfortable relate to
exercise may be present silting, weight activity level,
at rest) taken off legs. weather chang es
Spinal cord hip, thigh, weakness more after walking relieved by relief by frequ ent history
compression buttocks (follows than pain or stan ding for stopping only lumbar spine of back
dermatom e) same length if position flexion (sitting problems.
of time changed or stooping provoked by
forward) ftin traabdominal
pressure
Intermittent foot,arch sctxrc deep aftersallie quickly IlOlle reproducible
claudication (foot) painand degreeof relieved
1Il/lIIblless exercise
Arthritic, foot, a rch aching pain after var iable not quickly may be relieved variable, may
inflammatory degree of relieved (and by not bearing relate to
processes exercise maybe weight activity level
pre sent at rest)
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Buerger's disease Buerger's disease may cause clau-
dication but usually presents with ischaemic ulcers or
focal gangrene first, with foot or calf claudication
developing later and only with proximal progression.
Coarctation Coarctation, whether congenital or
associated with fibromatosis or Takayasu's disease,
usually presents as mild bilateral claudication in rela-
tively young patients.
Popliteal entrapment Popliteal entrapment presents
in young patients, often athletes. Although the
anatomic abnormality (abnormal origin of the medial
head of the gastrocnemius muscle) is bilateral in close
to half of patients, it invariably presents first in one
leg. Sometimes the patient, in the early phases of the
syndrome, can run very well, and claudication
becomes evident only upon walking. The general clin-
ical condition, with a younger patient presenting with-
out any other typical signs of atherosclerosis, is most
helpful in recognising this condition.
Peripheral emboli Emboli coming from the heart
(atrial fibrillation, mitral valve disease) or from proxi-
mal sites of the arterial tree (aortic aneurysm) can
cause obstruction of the distal arteries; this is even
more likely when some degree of obstructive artery
disease is already present. Acute limb ischaemia often
is the first presentation, but in some cases IC can fol-
low or even be the first sign.
Popliteal cystsThis condition occurs in older patients
and, though it usually presents rather acutely, occa-
sionally may lead to claudication.
Persistent sciatic arteries Persistent sciatic arteries
are congenital anomalies, in which the primitive
artery (branch of the hypogastric) persists as the legs'
major inflow artery. They usually produce symptoms
over a wide range of ages and are related to
aneurysm formation, which if complicated by throm-
bosis are also more likely to present acutely. Acute
presentation is also typical of symptomatic popliteal
aneurysms, though repeated small emboli can
occlude the infrapopliteal runoff vessels enough to
lead to claudication.
External iliac dysplasias
Though the external iliac artery is the third most com-
mon site of arterial fibromuscular dysplasia, sympto-
matic narrowing or occlusion is quite rare, and here
one also must keep in mind a similarly located lesion
seen in cyclists and runners, presumably secondary to
repetitive compressive trauma.
Pseudoxanioma elasticum Contrary to earlier belief,
the more common location for arterial lesions in
pseudoxantoma elasticum is not in the distal arteries
in the upper extremity but in the proximal arteries of
the lower extremity-superficial femoral artery
stenosis, which produces claudication with a benign
prognosis. Here one should look for characteristic
skin changes and a positive family history.
Rare miscellaneous causes
Although trauma sequelae can result in occlusive
lesions anywhere, one subtle form of trauma, irradia-
tion injury, most commonly resulting from the treat-
ment of abdominal or pelvic malignancies (eg, cervical
cancer), produces iliac lesions compatible with early-
onset atherosclerosis. A variety of primary vascular
tumours, the most common of which is a lieomyosar-
coma of the aorta, are extremely rare and only occa-
sionally present with claudication.
B 2.1.3
Physical Examination
The physical examination should not be limited to a
vascular examination focused primarily on the extrem-
Table 11: Causes of occlusive arterial lesions potentially causing claudication in lower extremity arteries
Peripheral arterial occlusive disease (PAD)
Thromboangiitis obliterans (Buerger's disease)
Congenital and acquired coarctation
Takayasu's disease
Remote trauma or irradiation injury
Peripheral emboli
Popliteal entrapment
Popliteal cyst
Popliteal aneurysm (with secondary thromboembolism)
Arterial fibrodysplasia (external iliac artery)
Pseudoxanthoma elasticum
Persistent sciatic artery (thrombosed)
Iliac syndrome of the cyclist
Primary vascular tumours
Eur J Vase Endovasc Surg Vol 19 Supplement A, June 2000
Clinical Evaluation of Intermittent Claudication 553
ity circulation, as described in the following passages.
At the very least, it should assess the circulatory system
as a whole. Discovery of systemic hypertension, cardiac
murmurs or arrhythmias, carotid bruits, signs of respi-
ratory impairment, anaemia, or an abdominal aortic
aneurysm are the rewards of such an examination. TIle
skin of the legs, especially the feet and nails, should be
examined for changes in colour and temperature and
other abnormalities such as swelling, scars of previous
ulceration, and the presence of any of the so called
"trophic" changes associated with severe chronic
ischaemia: thin, dry skin, loss of hair or subcutaneous
fat, and thickened nails. These and Buerger's signs,
described in detail in the section on severe ischaemia,
are usually absent or mild in the claudicant, but muscle
atrophy from inability to exercise, decreased hair
growth and hypertrophied, slow growing nails com-
monly may be found.
Recommendation 11: Physical examination of a
patient with intermittent claudication
In evaluating claudication, a complete examination
of the patient is necessary to detect potentially
important contributing factors that may significant-
ly impact management.
An integral part of the examination is palpation of
the femoral, popliteal, dorsalis pedis, and posterior
tibial artery pulses. It is not well app recia ted that one
or another of these two pedal pulses is not palpable in
a small number of normal cases? In such cases, the lat-
eral tibial artery, the terminal branch of the peroneal
artery, should be sought higher in the foot-just below
the ankle and medial to the bony prominence of the
fibula. For simplicity, pulses may be graded from 0 to
2 as absent, diminished, or normal (Table 12).
Occasionally, normal pulses can be found in patients
with intermittent thigh or calf claudication; this can
occur in isolated stenosis or occlusion of the deep
femoral artery or of the internal iliac artery. An espe-
cially prominent pulse should raise the suspicion of an
an eurysm.
TIle value of palpating arterial pulses can be aug-
mented by auscultation of proximal vessels for bruits,
particularly listening over the iliofemoral segment.
For example, a decreased amplitude of the femoral
Table 12: Grading pulses
Palpable pulse
Absent
Dimin ished
Normal
pulse, along with a loud bruit proximally over the iliac
artery, usually indicates the presence of a significant
iliac stenosis. With complete occlusion, no pulsation or
bruits are present. Monitoring pulses and bruits after
a brief period of exercise occasionally will provide
worthwhile additional information if pulses disappear
or bruits accentuate. Simply combining the pulse find-
ings with the location and severity of the ischaemic
symptoms allows the presence and segmental location
of the responsible arterial lesions to be predicted with
accuracy comparable to that of noninvasive testing
(close to 90%).8
Recommendation 12: Palpating pulses in a patient
with intermittent claudication
Pulse palpation should be correlated with claudica-
tion distance and location of pain, for they usually
indicate the location and severity of the responsible
arterial Iesionts). Auscultation of bruits may give
additional useful information.
The most common arterial lesion is a superficial
femoral artery occlusion. This is characterised by nor-
mal femoral and absent distal pulses and, when given
adequate time for collateralisation, will result in mod-
erate claudication, that is, pain-free walking in the
range of 100 to 200 metres if no other haemodynamically
significant lesions are present. Patients with this lesion
who cannot walk this far may have poor cardiac func-
tion, but one should primarily suspect a tandem lesion,
that is, an additional lesion in one of three segments.
This may be proximally in the form of an iliac stenosis,
which would be evidenced by a diminished femoral
pulse and a bruit proximally. If, in this scenario, the
femoral pulses are normal, the patient likely has either a
profunda stenosis, which would produce a loud bruit
just distal to the groin, or additional occlusive disease
contiguously in the popliteal artery or beyond that in
more than one of its major runoff arteries. Iliac stenoses
alone will produce mild to moderate claudication.
Absence of femoral pulses associated with severe
claudication but without ischaemia signifies iliac
occlusion with good runoff. Palpating a normal
popliteal but no pedal pulses associated with moder-
ate claudication indicates infrapopliteal occlusive dis-
ease, which are particularly common in a diabetic
Grade
o
1
2
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patient. The logical application of such observations,
based on the knowledge of the common patterns of
occlusive lesions associated with PAD and the limita-
tion in walking distance they commonly produce, can
lead to a presumptive clinical diagnosis." This can be
confirmed objectively as described in subsequent sec-
tions, by noninvasive testing in the form of segmental
limb pressures, plethysmography, and the occasional,
selective use of duplex scanning. This stepwise
approach allows proper management to be chosen in
most cases without the need for angiography.
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B 2.2
Investigation of Patients With Intermittent
Claudication
82.2.1
Routine Tests
The investigations discussed in this section should be
performed on all patients presenting to a physician for
the first time with Ie. In the absence of a recent abrupt
change in clinical status, any test that has already been
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performed in the previous months need not be repeat-
ed but should be noted. They are designed to detect
treatable risk factors or to diagnose associated dis-
eases, which have been discussed in an earlier section.
Basic haentatologic and biochemical studies
These should include a complete blood count (CBC;
includes red cell parameters, white cell count) and a
platelet count. The rationale for this is that, although
the haemoglobin or haematocrit will detect anaemia or
polycythaemia, either of which may precipitate or
aggravate the symptoms of claudication, a CBC will
also detect associated haematologic diseases (eg, chron-
ic myelogenous leukaemia) that may be unsuspected
yet influence treatment. The same can be said for an
abnormally high or low platelet count, but a baseline
platelet count is also useful for comparison, should the
patient be subsequently found to have a thrombocy-
topenia after treatment with heparin.
In addition, a fasting blood glucose level (FBG) or
haemoglobin Ale (HbAlc) and a creatinine level
should be obtained on all new, previously unstudied
patients. Diabetes is a significant risk factor in PAD and
may be occult for some time in type II diabetic patients.
Urinalysis for glycosuria/proteinuria also can be used
to detect diabetes. Similarly, azotaemia and raised
blood urea nitrogen (BUN) are insidious, and reduced
renal function is common in two of the major risk fac-
tors for PAD, diabetes and hypertension, whether of
renovascular origin or not. BUN and creatinine meas-
urements are also required before angiography or any
imaging studies requiring contrast media.
Blood lipid studies Patients with claudication have
systemic atherosclerosis and are at risk for fatal and
nonfatal MI and stroke. In PAD, the major lipid risk
factors for atherosclerosis are elevated low-density
lipoprotein (LDL) cholesterol and triglyceride levels
and low HDL cholesterol levels. Lp(a) is a lipoprotein
fraction that is an independent risk factor for PAD, but
there is no specific treatment for elevated Lp(a) levels
except to treat abnormalities in other lipid fractions
aggressively. Recent trials support the observation
that lipid modification can be associated with stabi-
lisation or regression of femoral atherosclerosis.v-'
Although lipid modification in patients with CAD is
associated with a reduction in the risk of vascular
death, similar trials have not been conducted in
patients with claudication, although it may be pre-
sumed that a similar benefit exists. It is recommended
that a screening lipid profile be obtained in all patients
with PAD. This consists of total cholesterol, HDL cho-
lesterol, and LDL cholesterol concentrations (the latter
